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ABSTRACT

A recent prcposal by Prot suggests that tcth the expense and
the duration of fatigue tests may be lessened by & pregressive lcad
method which ccreists of subjecting a test speximen tc s occmpletely
reversed stress whese amplitude increases regularly with time untll
the specimen falls, By assuming (a) that the ordinary S-~-N curve,
vhen plotted on a linear scale, tecomes an approximate hyperbcela
which 18 asymptotic to the vertizal axis and to the endurance limit,
and {b) that the material is not affected >y the completely reversed
stress untll the amplitude ¢of the stress is greater than the endur-
arce 1imit, Prot shows that the stress at failure,Sp, may be ex-
rressed as

3 = E + Xa©3°
where E {8 the endurance limit, K is a constant for a particular
material and a is the loading rate usually in psi/cycle, Plotting
SR as a8 function of ao.5o, a straight line results; the intersection
¢f this line with the atress axis indicates the value c¢f the endur-
ance limit, A logical wmedificstien of the above formula propcsed by
Henry is 1

SR = B 4+ Ka =4l

whers m 18 a constant dependent on the material,

In this paper the validity cf the atove equitions has been in-
vestigated for two materials, ingot-iron and 753-T aluminum allcy.
Conventiocnal fatigue test data were also obtained for comparison with
the values of E prediocted by the progressive loading tests. In gen-
erel, 1t was found that the exponent of o that gave the dest approxi-
mation ¢c & linear plot of the experimental data was nct C.50 dut
approximately 0,371 and 0,1786 for the irgoet-iroen and 755-T aluminum
alloy, respectively, PFurther, the value of the zndurance limit for
these materials as determined by the abcve equations was affected by
completely reversed stresses whose amplitudes were smaller than the
sndurance limit, Nevertheless, the method has certain inherent ad-
vantages of correlating the data for every specimen tested to deter-
nine tre moat provable endurance limit, Further studies are there-
fore being made cof the method that will be reported at a later date,
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I, INTRCLUCTION

At present the conventicnal methed used fc evaluate the
fatigue otrength of material invclves the determiraticn of %he
fatigus life of & number of specimens, each of which is subjected
tc repeated lcading at a diflserent stress lsvel, Prem the S-N
diagrem thur cbtained the sndurance limift 2f the material 1s esti-
mated, Another methed whizh L8 sometimes employad when cnly a few
expensive specimens are available oonalazts of teating at some low
gtress level for a predetermined nurber of 2ycles »f stress. If
the epecimens 40 nct fall at thie stress leavel befcre the piede-
termined number of cycles, the stress levyel ls raised, The test-
ing is cortinued in this manner until fallure ceccurs, The lowest
strese level at which fallure occurs iz ocnaldared the endurance
limit, The predetermined number of cycles for each stress level
is usually set at about 107 for steel and 108 for aluminum,

In recant years it hms becoms increasirgly apparent that these
methods are costly and time ccnesuming., A® a result, varicus
attempts to eliminate these odjlectionable features in the evalua-
tien of fatigue strength have been undertaken,

It 48 clear that the time required in the general methods of
fatigue strength determminaticr can te reluced by the use of several
testing machines or multi-head machines, However, the cost of num-
erous cr multi-head machines may bte sxcessive, This 1s partiou-
.arly true when testing large spscimens or full-sized components,
In additior, the numbver c¢f specimens required in oonventional
fatigue tests freqQuently makes the expense of large models prohibi-
tive,

Ancther obvicus method of reducing the {ime regquired would be
to increase the apeed of the testing machines; it has been estab-
lished experimentally, within certain limits, that the frequency cf
stremsing res 1ittle influernze or the endurance limit, However be-
sause of the mechanical limitaticns, it dc¢es not appear that the
durstion of the tests can ve reduced signifizantly in this manner.
A further cbjectlon is that zetals with appreciable hysteresis ef-
fect develop excesslve heat from high frequency stressing., In cases



of nigh hysteresis materials, 1t is scmetimes preferable not (o ex-

ceed 2000 cycies/min, Thess facts place a limit upcn the speed of
tescing as a satisfactory means of reducing tne time slement In
fatigue testing,

Recently, Prct (1}' propesed a new methed of fatigue testing
tc remedy the twc cbjectionuble features of the ordinary fatigue
tests, The Frct methed consists cf submitilng apecimens ¢0 a re-
versed stress, whoce amplitude ircresses regularly with tirme, Ac-
cording to Prct, within the limits of the tasic assumptions of the
theory, the mathod is gcrapletely independent of materials tested,
method of <esting (rotating bearm, plane flexure, ctz,) ¢r methed
of appiying lcad, The stress may be increased sccerding te any
function of time, a8 linear function belng chesen primaprlly because
of i%s simplieicy,

In thesry & the Prot method is based on the assumpticn that
the ordinary 8-N curve, when plctted on a linear scale beccmes an
approximate hyperbola whieh is asymptoties to the vertical axie and
to the endurance limit, Prom this basic assumption, Prot shows
that the stress at failure, SR’ ray te expresssd as

S Y. £q. 1

where E i8 the endurance or fatigue limit'.‘, K is a constant for
a particular material and o is the loading rate (psi/cycle), Thus

- e——

© Numbers in pnrentheses refer tc the referedces listed ir the

Bivliography,
b Ses Appendix A,

*»

"For materisls having S-N diagrams consisting ¢f twe stralght
lines one c¢f which is parallel to the N-axis, the endurance
1imit as determined by Prct's method and by the coenventional
mathod are esquivalent, For materials such &s aluminum alloys
which exhibit S-N diagrems that are non-linear (and with no

tangent parallel to the N-axis), the endurance limit determined

ty the Prot method corresponds $¢ a fatigue strength at an in-
finite rumber of cycles, Hence in this paper, regardless of

type material, the value E as determined in the Prot method will

be called the endurance or fatigue limit,



to determine the fatigue strength for any material thecretically,
it 18 necessmary only to determine the failure stress, SR’ for twe
different loading rates, a, Practically, becauss cf "ssatter', it
i8 usually necessary to test at wseveral diffesrent lcading rates gz,
Such 8 methed weuld greatly reduce the time required to determine
the endurence limlt and, in the case of large models, would greatly
reduce the number (and a2ocst) of specimens,  Furthermore the data
from all spacimens are utilizéd in the final detarmination of the
most probable value of the endurance limit, E, KHowever it should
be emphasizad that the Prot methed is applicable only to the deter-
miration of a fatigue strength 2orresperding tc a very long fatigue
1ife; the methed is nct appliocable to the determination of the
"f#inite life" strengths corresponding tc the upper portion of the
conventicnal S-N curve,



IY¥, PURPCSC ANT SCCPB

A labtoratery study was made t® investigate the aczcuracy cf
the Prot accelerated methcd as compared with the cenventicnal S-N
dlagram fer determination of the fatigue =trength of metals, Soms
dcubt exists as tc the adequaczy of the theaory on which BEq., 1 1s
tased {particularly fcr metals whizh may "soax" during the test),
For example, & more general form of Bg, 1 1s

S, = B + Ka" Bq, 2

R

in which the expcnent, n, may be computed from experimental data
(see Appendir B),

Thus, 1t was also dasired to investigate several modifications
of the Prot theory to determine an cptimum method ¢f interpreta.
tion of the experimental data, Sufficlent tests were run to indi-
cate the relative "scatter” in fracture stress and thus tc indicate
the variatility to be expected from the Prot method,

In crder to appralse the effect of widely different metals,
Armco ingot-iron was tested as representative of & metal with a
definite fatigue limit, whereas 758-T7 aluminum allcy was utilized
as a non-ferrous metal exhiditing no clear-cut fatigue limit,

Three groups of experiments were ccenducted for each of these
metals, namely: (a) conventional fatigue tests at corstant atress
amplitude; (b) tests with a uniform increass in loading rate g,
starting from a relatively low initisl stress; (c) tests similar to
(b), tut starting from a relatively high initial stress level, The
initiasl stress levels were 10,000 and 30,000 psi for the inget-iron
and were 10,000 and 20,000 pei fer the alu=minum alley.

Thia rsport has been prepared as Part I of a more gererel ap-
praisal of the Prot metheod; further studles are being conducted

A e

' The fatigue resistanze »f some metals may be improved bty under-

stressing followed by & process of gradually increasing the a=m-
plitude ¢f the alternating stress in small increments, a proce-
dure ordinarily called "ccaxing”, (5)

e S I
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of other metals and will include the influence of other variables
such a8 the presence of A stress raiser in the forn of a senmi-
circular notch, It is anticipated that a later repert (Part II)
will be rrepared under the same title to summarize more completely
8 firal apprelsal of the Prot method, It was, however, felt desir-
able ¢o ocutline at this time the reaults of ¢he preliminary experi-

rents in this report,



III, MATERIALS AND METHCD OP TESTING

PHOushettoutNTtbmpaspanhistnedutinetapnihtaumniu s fal
rhenteennetSoNUSHPL ISP NNNNEIY , The 753-T was received in

the fore of 7/8" round vrolled rod end the ingot-iron in 5/8" diam-
eter hot rolled bars, The fatigue specimens were machined to the
dimensions shown in Pig, 1; the test pleces were nct given any sub-
sequent heat traatment., Tha test saotions of the fatigue specimens
were firished with 2/0 emery peclishing paper in mccordance with
previcusly established procedures (6),

Tests ware conducted in rotating cantilever beam wachines of
the type utilized in past work (2), The grsiual increase in locad-
ing was accomplished by means of water supplied from a standpipe
which maintained 2 constadt pressurs on & needle control valve..
The water passed through the needle contrcl valve intc a container,
and this water load was treansmitted through a spring to the free
end of the ¢cantilever spodiuen. Autematic shut-eff c¢f the water
flow was effected Ly means of 8 solencid valve which alcsed when
the specimen failed (Pig. 2).

TWo serlies each of the iron and of the aluminum specimens were
tested with uniform increase in lead, EREach series consisted of
from 22 to 32 specimens; in general, two or more spedimens were
tested at several different values of locading rate. Conventional
tests under ocnstant lcad were also completal for sach metal.



1V, <RB3ULTS OF TEST3 AND DISCUSSION

In gereral the data indisate that the fracture stress was not
always a linear functlon of ao'scae irdicated by Bq. 1. Hence it
was found desiradle to replot the data in accordance with Bg. 2,
and to seleqt values »7 the exponent, n, of the loading rate that
would result in a linear relationship tetween SP and a”, This then
permits an extrapolation of the data tc values ¢f o = 0, at which
atsclssa the ordinate represents the endurance limis, E. The ori-
giral theory on which the Prot method is baszed is diacumged in Ap-
pandix A and the modified theory in Appendix B, The test datas for
each method have, therefore, been plctted in terma of two differ-
ant values of n to show the deviations frem the criginal Prot
theory in method of plotting the results,

The resgulta are shown in graphic. " form in PRigs, 3 tc 10, 1In
these figures a streight line nas teen Irawn in to indicate the
relationehip represented dy Eq, 1 or Bq, 2 and tc determine the
vaiue of fatigue limit by extrapolatiocn as 1ndicated abcve. The
location of these lines has been deteruined by use of the prinoiple
of "least squares” (7) to cbtain a best fit to the experimental
data,

7 In Pigs, % and 4 the data for ingot-iron are plotted with the
exponent of the loading rate taken as 0.371., and for initial
atress levels of 10,000 and 30,000 psi., The values of the endur-
ance limit, 2 (observed as the ordinate at g » 0) for the ingot-
iron for this exponent are 35,500 and 36,20C psi for initial stress
levels of Op = 10,000 and Og ™ 30,000 psi, respectively,

In Pige, 5 and 6 the same data are plotted dut with the expon-
ent of the loading rate as 0,50 as suggscted by Prot, and the
values of the endurance limit were 36,700 and 38,500 psi for ini-
tial stress levels Oy 10,000 and 30,000 psi respectively.

good siraight-line plote of the 4ata were cbtained with both
the 0,371 and 0,50 power expcnerts; She variaticn of the endurence
1imit in the two cases being 1,300 pal and 2,300 psi for the ini-
tial strese levels cof 10,000 pal and 3¢,000 psi, respestively,

* Sage Appendix B,
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Thus it appeare that the value of the endurance limit ¢f ingot-iron
88 determined by the Prot method 4s sensitive t¢c both the exponent
of the lcading rate and t¢ the initial stress level at which lcading
wag started, A change cf 34.8% in the expcrnert of the lcading rate
resulted in changes of the endurance limit amounting to 2.67% and
£,25% for initial stress levels of 10,0CC and 3C,000 psi, Changing
the initial stress leval frcm 10,000 to 3C,000 psi resultfed in an
inerease in the endurance limit of 2.26% &nd 4,50% for the 0,371

and C.50 exponerts, respectively.

Undar high rates of increase in load, the inget-iron exhidited
a8 tendency %0 yleld befcre s visibie fatigue crack appeared, OCcea-
sicnally ylelding occurred in a specimen tested at & lower rate of
loading for which other specimens failed by frecturing as indicated
in Pig. 7.

In Pigs, 8 and G are plctted the ccnventicnal S-N curves for
the ingot-iron tested under constant stress amplitude (o = O), These
data (plotted with open circles) indicate the fatigue limit tc be
about 34,00C psl as compared with the values of 35,400 %o 36,200
predioted by the Prot method, Thus the method appears %o give a
close approximation to the crdinarily accepted methods and is within
the scatter that might be expected upon successive retesting. (In-
cidentally, previcus conventioral tests on another type cof flexural
fatigue machine indicated a fatigue limit of 37,000 psi for the same
iron.)

Alsc shown in Figs. 8 and 9 are the datas obtained in testing by
the Prot method; the final fracture streas has deen plotted at the
corresponding total number of cycles to fallure., As weuld be expec-
ted, these data fall abtove the conventional S-N curve, but tend to
become asymptotic to the fatigue limit at a very large number of cy-
cles to failure (correspending to the tests for which the loading
rate a was small),

In Pigs, 10 and 1l the results for the 753-T aluminum are
shown, With an exponent of 0,1786* for the leading rate, z, a
geod straight-line plot of the data was obtained, However when

—— e &= A am—

See Appendlx B.



rlectted as a function of a°'5o(as suggested by Prot), the large
curvature in Fig, 12 was cttained,

The values of tre fatigue limit (as ebtained with n = 0,1786)
ware 17,000 and 20,500 pel for initisl stress levels of 10,000
and 20,000 pei, respectively., This represents an increase of 20,64
ir the fatigue limit, However the value 2f the fatigue strerngth
gt 108 cycles for the 753-T aluminum alloy as indicated by the con-
ventional fatigue test data in Fig. 13 was approximately ¢5,000
pel, Thus the values from the Prot method were consideradly .cwer
than the fatigue strength as usually determined. This {8 consis-
tent with the fact that the value determined in the Prot methcd
correspends to an infinite number of oycles,

Conasidering the abecve results, it appears that bvefere the Prot
method of Tfatigue testing will be applicatle tc materlals such as
758-T aluminur alloy (i,e,, for materials which 4o not exhibit
linear plote of the fatigue data with the exponent n = 0,50) 1%
will be necessary to determine sultadble exponents for the loading
rate, Once the exporents have been determined for particular
materials, the Prot wrethod has pcasibilities of teing a satisfac-
tory appreach to comerclal fatigue testing, However for evxscting
refearch inveatigation, the Prct method 1s limited, To determine
the ccrrect exponent of the loading rate for a given materisl to
insure g linear plot, conventicral 3-N fatigue test dsta can te
utilized as explalined in Apperdix B, Por materials subjected to
variocus heat-treating snd other metallurgical processes, the task
of determining the corresponding lcading rate exponents might offer
a serious handicap tc tre Prot mathod, However several mathamati.
cal methcdes are being investigsted for detemmining tre correct ex-
ponent directly from the data obtained in the tests under unifemmly
{ncreaaing lcad, They appear promising in offering a means ¢f ob-
taining not only the most provable fatigue limit, dut alsc may bve
used to eatimate the probable error and statistical deviation %that
may be expected from data of this type,

The scatter cof the date ¢btained in the Proft method needs fur-
ther investigation both at high and low rates of locading. At high
rates of loading the amount of socatter is of particular significance



0

8irnce the time glement in testing becomee important in determmining
the efficlancy of the process, Investigation of additicnal mater-
ials by the Prot method 1s needed, particularly for metals exhibit-
ing no well defined fatizue limit, and a study of the effect of
stress concentrations (notoches, keyways, grooves, etc,) on the
fatigue limit as determined by the Prot methed would be of interest
for design applications.

Purther experimental studies are, therefore, being conducted
as 8 part of this general research program, Notched and unnotched
specimens will be investigated for an Iinget-iron, an allcy steel,
and 2 btoron steel of relatively high hardneas, These will bde
representative of a wide mange in hardness and strain-aging oharec-
teristics for ferrous metals and thus furnish data for a more ex-
tenaive appmaisal of the Prot mathod,
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Y. CONCLUSICNS

1, For ingot-iron the Prot methed of fatigue testing using
either 0,371 or C,50 as the expenent of the leading rate, gave rIe-
sults which compared favorably with the ordinary methods of fatigue
temting. For high rates of load inoreases, the inget-iren failed by
vielding befere g craclk appeardd, )

2, The value ¢f the endurance limit of ingot-ircn wams only
slightly affectad by ohanges in the expnnent used in pletting the
loading rate; a change of 34.8¢ in the exponent resulted 1in changes
of %,67% and 6,25€ in the dndurance limit for tests started at inis
tial stress levels of 10,000 psl and 30,000 psl, respectively.

X, Ralising the initial stress level froe 1C,00C pal t¢ 30,000
pei reised the enduranse limit of the ingot-iren by enly 800 %o
- 1800 pai, the amount depending upen which value of the exponent n
was used to interpret the data,

4, Por 75S-T aluminum alley, the 0,50 expcpent as proposed by
Frot gave & non-linear funotion that ceuld not be satisfactorily
extrapolated to obtain the fatigue strength, (nly for one exponent
of the loading rate {n = 0,1786) d1d the Prot method give results
that could readily be interpreted, Changing the initial stress
level of the 753-T aluminum alloy from 10,000 psi to 20,000 psi in-
oreased the indizated fatigue limit from 17,000 psl to 20,500 peiy
as values determined by the Frot methed corresponds to an infinite
mumber of cycles, these values ware somewhat below ths fatiguse
strength of 25,000 psi at 108 eyoles as determined from the oconven-
tional S=N diagram,

S, The Prct method of fatigue testing appears applicadle for
replid estimation of the fatigue strength in certain types of com~
mercial teating, particularly for materials for which a linear plot
is obtained with the exponent n sssumed tc be 0,50 or for mtarials
for which an accurate value for n may de cbtained readily,
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APPENDIX A
THECRY OF PROT METHCD OF PATIGUE TESTING

The S-N curve for a matepial is obtained by drawirg a curvs
through s geries cf experimental test points found from conven-
tional fatligue tests at constant stress amplitudes. These experi-
mental test points are plotted usually with the leog of the oycles
as the abaclsga and the streses as the ordinate, the resulting curve
conslsting oxdinarily of two straight lines,

Fer the case of small sgeatter, Prot assumes that if a linear
acale 18 used to plet the oycles, the fatigue curve may be assumed
without large error to be asymptctic to both the vertlical axis and
the endurance limit and, in addition, te be a hypertonla in the
regicen of the endurance limit,

Assuming the endurance limi$ is one axis of the hyperbola, the
equation of the fatigue curve is then:

PR = K Eq. A=l

where p is the amcunt by which the atress in the specimen exceeds
the endurence limit, N is the number of sycles to fallure cnd K is
& constant, Wwhen the uswal notatiors are used, the egquation can
then be written

(S-BE)N = K , LQ. A-2

In the progressive loading fatigue test, suppose the stress S
has an initisl value S, at the time the test ls started, and in-
creases linearly with time, Then at any time

S =5, + aN EQ. A-3
whore N =.cycles, zBd g i85 the amount the stress increases each
¢ycle, Emquaticon A-1 may then e mewritten

~N

&

Ka L Y
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When p 18 & constant, this equatiocn represents the rectangle S ABE,
Fig, 14, & constant area with the poasiticn A cn the curve,

Frot assumes that the above assumpticns are stlll true when p
1s not constant, but 1s a funotion cf time, of the fom

P = py +aN Eq. A-5
Subatituting this value of p intoc BQ. A-4 gives
an?/2 4 PN = k! = 0 Eq. A-6

valid only for p, 2 E. Thia result simply means that the trape-
zold ES RC, Fig. 1%, nas a constant area equal to K! for all pos-
sible praiticna of the point R,

Prot assumes that when the initial atress so is less than E,
no damage of the material occurs untll the stress § 1s greater
then the endurance limit E, The value p, considered above, is then
zer>, and using the nctation from Plg, 15

an®

il Y 2q. A-7

This shows the area of the ¢triangle ERC i1s conatant and that the
roint R 18 alsc ¢n an hyperbela with the equation

(SR-E)NR = ZK! Eq, A-8
Since PR " SR - B, and Pg ™ aHR, then from Rq, A-7
Py = 2aK! " EQ. A-9

Hence,

pp =V3 V! = kVT RQ, A=10

or by esubstituting for p its equivalent value S-E, at fracture we
have

SR-E+K\/E' a, A-11



This 18 the equation of a straight line interasesting the
ordinate axis at the endurance limit, E, corresponding toa = 0O,
From EqQ. A-1l it 15 seen that the stress Sﬁ varies llinearly with
VvVa.
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APPENCIX B
CETERMINATION OP EXPONENTS OF LOADING RATE

If a repeated stress, 3, which is less than the endurenoce
1imit, L, is applled tc a specimon, the 1ife of the specimen will
be infinite, Il a repeatod stress, 3, which 1is greater thar the
endurance limit, E, 13 applied, the fatigue life is finite., The
greater the difference (S-B) the small the fatigue life, N, There-
fore we may write, in the manner of Weibull (3), a close approxi-
mation to the shape c¢f the S-N curve as

N = k(S‘-E)'m Eq. B-l

which indicates that a plet of log N va. log (S-B) will be a
straight line, In this notatlionship m and k are constants which
Weidull has shown to be dependent on the material, By employing
Eq. B-1 (instead of the assumption of EQ, A-l made by Prot) Henry
(4) has shown that m may be related to the exponent of the loading
rete a in the following menner

b
£

SR-E+Kam Rq., B-2

1,e., the exponent of a is equal to 1/(m+l). Hence the exponent
cf the loading rete is not necessarily a constant value of 0,50 as
indicated by Prot (which would require m = 1) but in generaml is a
funotion of the material being tested,

A procedure for détermining the valuse of m from conventional
fatiguo data fer a particular material is as followa:

l, Obtain sufficient S-N data to determine an approximate
endurance limit, E,

2, With this apppoximate value of E, plot log N va. log (S-E).
Unless the approximate value of E 1s fairly acourate, a curved line
will result.

3. If a ocurved line results, adjust the value of E by small
ameunts untll a straight line is obtained, From EQ, B-1l, it is szeen
that the slope of the linear ploct of log N vs, log {S-B) determines

n,



16

Proceeding in the marner outlined above, the values ¢f n for
ingot-iron and 758-7 aluminum alloy were found to bte 1,7 and 5.6,
respectively (Pigs. 1€ and 17), The data shown in these two fig-
ures are the same as thcae previously shown (by open circzles) in
Figs, 9 and 13, The cptimum lcading rate exponents for a were
therefere 0,371 and 0,1786, respectively, and these values were
used fcr final interpretation of the data cbtained in testing by
the Prot method, See for example Pigs, 3, &, 10 and 11,

In general, the above procedure would make the Prot method
scem tedious and unecenomical because 1t weuld require acme date
to be cbtained from the usual types of conventiconal constant streas.
amplitude tests, However the exponents n presumably would be
material constants and thus should only need to be determined
orice for a given type of materisal, Purthermcre 1t appears probable
that a direct method of interpreting the data can be developed that
will net necessitate the use of conventional test data for evalua-
tion of the constants of EqQ, B-2, Pirther study of suitable method:
of analyeing the data is now underway.
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Dimensional Details of Fatigue Specimens.
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A~ Standpipe

B - Solenoid Control Valve

C - Needle Control Valve

D - Water Container

E - Spring Hanger

F - Automatic Cutoff Arm

G - Micro-switch, When Specimen Fails Automatically
Closes Solenoid Control Valve and Electric Motor

H- Ball Bearing Housing To Transmit Load To
Specimen

| - Specimen

J - Specimen Chuck Of Rotating Cantilever Beam
Fatigue Machine

K- Electric Wiring To Electric Motor Drive

Fig. 2. Schematic Of Test Apparatus



(Eupuag onsold AQ paji} joy} suawidads buypw)
i'1sd QOQQl =20) "uo4 Jobu| 10} pjpa anbiyo4 -¢ b4

L coD JO SaN|DA
144 oA oI cr BO O m@

I ° - N T - o7 \:lq\\ T I | Tt T T

: 000G 0l

&
15d ‘s584}S 94N|ID 4

3
=

, N T _ 000‘0S



- (buipuaqg onyso|d Aq pajipy by} susaundads bunhwQ)
(1sd 0000 = 20) uoy| jobu| uo} DD 8nbyDY  biy

ol JO SON|DA

ol

cO

o S 08 G 02 Gl
_
|

| w |
PajID}sas uayy ‘sAop ¢ Ajojowrxosddo
J0 pouad p o} paddojs buissaig *

B A
|
|
_
|
_

0,0,0)0]

00002

S
3

g
g

'Isd ‘ss8ij3 84n|ID4

3

™~

3



(buipuaq oysoid Aq pajpo} joy; suaw1oads bui Q)
(1sd000 0l = 20) uo4j 0buj oy oyp( anbin4 -G 'bi 4

D JO SAN|DA

0$°0
128 el ol 80 90 140] [46)

T 0
- I | [ O
ﬂ

g

3
&
'18d ‘SS84iS 94n|ID 4

S
3

———— e




Ot &¢

P -

(buipuaqg ouyspid Aq pajipy joyp suswidads bupwQ)
(1sd 0000 =20) "uoy| jobu; uoj pypg anbyby ‘g Hiyg

oco® 40 SaNDA

]

‘palin)sal uay} ‘sAop 4 Ajeppwixosddo
jo pousad o uoj paddoys buisseng *

I

0¢8I o SO

. 0 .
7 100C0I

]
&

:
S

'18d ‘ss3.44S 9.4n|ID4

Oﬁ
<
1S




('1sd 000'0¢ = 20) "uoJ| jobuj ioy poyjsy 1014 jo |psiouddy 7 Biyg

90

SO 0

1eoP O San|DA

0

|

"91n}0DJ} 9AIssalboid AQ palpy uswinadg o

‘Paj4Djsal udyy ‘shop ¢ Aj@}pwixouddo

jo pousad p 10y paddojs buissaulg

‘buipuaq onsojd Aq pajipy uawidadg e

e

U —

_ mqo 20 I'0 00002
a 0000¢
:puaban o .
i o 0,0,0)0;/
0g %

b 2l 100005
$>

(00009

-000°02

'18d ‘888445 @94n|ID4



'Suawioadg uoup jobu| s|psiaAey SSasG 949jdwon) oy onIN) N-S ‘g big

4O

'S|DSI3A’Y SSANS 9fs|dwo) JOo saquinp -N

O Ol Ol

,Ol

————— . =

o

. injio} buipuaq ‘poyiaw Joid v
15d 000 0g =20

9.N|ID} J4NJODI} pOYIW 1014 w
O =P %S9} jwi| 9duounpua KiouipiQ o
puabany

1
|
1 (R
|
|

Ol

09



Suawioadg uoJp jobuy *s|DSiaAdY SSANS 9y9Idwoy 10} aMIN) N-S g Big

uUNnjIp4 10} S32AD

e ,0I Xe, | Ol
1 O B e Ry T T T T 1T 7 [T T T T AARREA Ol
24niipy buipuaq -poylay 1014 »
1Sd0000I = SM :
94N{iD} BUNJODI ‘POYIIW 4014 - {02
O =70 ‘}s9} jwij aoupINpuad KIDUIpI) o
‘puabay m.w
(4]
_ - 10ge
-0 p 5 o Wlul
ovm
@
0G




(1sd 00001=20) Kojly wnurwnly ]-SG) 4o} pjog anbuoq Q) H14

D JO S3aN|DA

98.L1°0
60 80 L0 90 SO HO SO 20 IO
— T 30
Hoi &
M ®
- 02 %
| f 3
d ‘ ) E
| ﬁ B \ - |og
| | . O
| | O
O
Ova
oS
L 109



(1sd 00002 =°0) Aojly wnutwnjy |_SG/ Joj pipq anbyoq i bi

ggro” 30 SINDA

60 80 L0 90 GO b £0 20 0 o)
A N S
le! 1 B \
k o
<
| ]
R (R S
o o S B S

3 8

158 000" U SSalS 8.n|ID4

o
<+

3



TOOTRRe ke e

L T T L e

(1sd000°0¢ = 20) Kolly wnuiwinly |.SGJ 40} POYB 10id J0 [DSIDIddy 2| D1y

60

4® JO San|pp

80 L0 90 GO

140,

£0

¢0

1O

9810 =U yhm pajioid sjuiod o
OG0O=UuU Yyim pajjoid sjuiod e
|

k
H
|
\
!

- oz

3

1sd 000° U Ssaug

09




'SUBWIDAAS winuIWNjy |-GG/ 'S|DSI3AdY SSalS djaidwor 1oy aaingy N-S ¢ biyg

8injib4 0} S9J2An

g0l g0l 20l Nl ¢Ol
(T 17T 17T 7T 1 MmirrrT 1 1 il

(024

0,%
@D
@
(0}
5
. L L om o
1sd QOO0Z =20 *a4Nn|iD} 9UNJODI} ‘POYLN J0id e o
O = D %S9} Jiuw) aouounpus AIpuilpi) o -
v :pusbar 109

N
]

073



FICG, 12

SRLR
50.4__

N —

(¢)
P

E e,

I
i N
R

N

S<!l Diagram showlng initial
gtress level So above endurance

limit =,

SCe. Diagram showing Iinitial
strems level Sy below endurange
linit =, In the “rot method the
"danmage' represented by tha aren
ND ECH? 1s neglected,



e

LTI

<

S
T CTHIIT T T T ITTTh /7° I

N, Number of Complete Stress Reversals.

|
L

—

5
IOlos

TIC, 16

I0*
Stress,(S-E) psi.

' vs. (S«Z) dlagranm for Armco Ingot Iron using
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